The cooling history of the Polinik and Kreuzeck Blocks of the Austroalpine units to the southeast of the Tauern Window are reexamined in the light of new mica Ar/Ar-, zircon fission track and apatite fission track data. Our new data demonstrate that the two blocks experienced a significantly different thermal evolution during Mesozoic-Cenozoic times: The Polinik Block revealed Late Cretaceous Ar/Ar ages (87.2-81.6 Ma), which reflect cooling subsequent to the thermal peak of Eo-Alpine metamorphism. The 
Introduction
Geochronology has played an enormous role in unravelling of the complex history of the Eastern Alps. Since the pioneering studies in the 60´s and 70´s of the last century, the Alps have been extensively sampled for geochronological analyses which mostly involved muscovite and biotite for Rb/Sr, K/Ar and Ar/Ar dating methods, covering the temperature ranges of lower to middle crust (e.g. Oxburgh et al. 1966; Brewer and Jenkins, 1969; Lambert, 1970; Wagner et al., 1977; Thöni, 1999) . With the advance of low-temperature thermochronology since the late 80´s, a growing number of zircon and apatite fission track data (ZFT and AFT, respectively) helped to resolve processes in the deeper levels of the upper crust (e.g. Wagner et al., 1977; Grundmann and Morteani, 1985; Staufenberg, 1987; Hejl, 1997 Hejl, , 1998 Dunkl et al., 2003; Foeken et al., 2007; Wölfler et al., 2008 Wölfler et al., , 2012 . And finally, the (U-Th)/He methods available since the beginning of this century allowed scientists to track shallow crystal processes operating at temperatures <100C° in the shallowest levels of the upper crust (e.g. Foeken et al., 2007; Glotzbach et al., 2008; Wölfler et al., 2008 Wölfler et al., , 2012 . One of the major challenges in geochronology is the proper reconstruction of thermal histories from measured data. The long accepted closure tempe-rature concept (Dodson, 1973) is sound and viable in many cases, however, increased understanding of track annealing and diffusion kinetics in apatite and zircon (e.g. Fleischer et al., 1964 Fleischer et al., , 1965 Fleischer et al., , 1975 Wagner, 1968; Green et al., 1986; Carlson, 1990; Ketcham et al., 1999; Wendt et al., 2002; Farley, 2000; Meesters and Dunai, 2002; Reiners et al., 2003 Reiners et al., , 2004 Barbarand et al., 2003; Flowers et al., 2007; Guenthner et al., 2013 ) and development of user-friendly modelling packages that invert measured thermochronological data into cooling trajectories, provide scientists with much more robust tools for quantitative reconstruction of thermal histories of rocks (e.g. Gallagher, 1995 Gallagher, , 2012 Gallagher et al., 2005 Gallagher et al., , 2009 Ketcham, 2005; Ketcham et al., 2000; Meesters and Dunai, 2002) . For high topography regions, such as the Eastern Alps, however, the 'classic' altitude dependence method (Wagner and Reimer, 1972; Wagner et al., 1977; Fitzgerald and Gleadow, 1988 ) still provides a powerful approach to determine exhumation rates from geochronological data collected along steep elevation profiles. However, it has to be kept in mind that this method is prone to potentially large errors for the cases where the critical closure isotherms were not planar during the time of exhumation (Stüwe et al., 1998; Stüwe and Hintermüller, 2000) .
However, if this requirement is not met, the calculation from age-elevation trends may easily result in false conclusions about cooling and exhumation rates in the upper crust, as it was recently shown for instance by a study from the Eastern Alps (Wölfler et al., 2012) .
In this study we aim to unravel the yet constrained thermal history of the Polinik and Kreuzeck Blocks (Staufenberg, 1987; Wölfler et al., 2008) -two Austroalpine units to the southeast of the Tauern Window that are bound by steep fault zones. For this purpose we provide an original dataset comprising new Ar/Ar ages on micas and new ZFT-and AFT ages from bedrock samples. The new data are used to better quantitatively constrain the cooling of the samples from the investigated tectonic units at <450°C, corresponding to the middle to upper crustal levels. In addition to the 'conventional' inverse model-____________________________ ling procedure by using HeFTy software (Ketcham, 2005) , we employ also a transdimensional inverse thermal history modelling approach for multiple samples recently introduced by Gallagher (2012) . Perhaps the main advantage of the new modelling approach is its ability to consider simultaneously all data from an age-elevation profile, and moreover, it allows calculation of paleo-geothermal gradients for the time sections between the oldest and the youngest ages in the age-elevation profile. Our new data from three thermochronometers, integrated with published data and new modelling strategies, enables us to reconstruct ~300 Ma of thermal history in the ~450 to 60°C temperature range, and provide new insights into final cooling stages of Austroalpine units that have implications for the evolution of the Eastern Alps.
To a large extent the European Alps and in particular the Eastern Alps are composed of units derived from the Adriatic microplate, the Penninic oceanic realm and the European continent (Figs. 1, 2). The Austroalpine and Southalpine units represent the Adriadic microplate and the units derived from the Penninic oceanic realm are mainly exposed in tectonic windows (Fig. 2) .
The Penninic units were overthrusted by the Austrolpine units in Cretaceous and Eocene times (e.g. Neubauer et al., 1999; Schmid et al., 2013) . During the lateral tectonic extrusion of the Eastern Alps in Oligocene-Miocene times (e.g. Ratschbacher et al., 1991a, b; Wölfler et al., 2011 ) the footwall Penninic units exposed in the Tauern Window (Figs. 2, 3 ), were tectonically exhumed from below the Austroalpine hanging wall (Frisch et al., 1998 (Frisch et al., , 2000 . The Austroalpine units can be subdivided into Lower and Upper Austroalpine nappes (e.g. Schuster et al., 2013) , which experienced a complex geological history from the Paleozoic to the Cenozoic era. The Lower Austroalpine units overlie the Penninic units and are mainly exposed at the border of the Tauern Window (Fig. 3) . The Up- tems (e.g. Schuster et al., 2013) .
The area of investigation, situated within the Kreuzeck Mountains, covers a part of the Austroalpine units located to the southeast of the Tauern Window (Figs. 2, 3 ). It consists of polymetamorphic rocks which were overprinted from the Devonian to the Cretaceous (e.g. Hoinkes et al., 1999; Neubauer et al., 1999) . A subvertical fault zone, referred to as the RaggaTeuchl fault, separates the study area into two units that differ in their structural and metamorphic history (Fig. 3) . The RaggaTeuchl fault formed during the Oligocene and displays both ductile and brittle deformation and separates the Polinik Complex in the North from the Strieden Complex in the south (Hoke, 1990) . Later on, during the lateral extrusion in the Miocene (Ratschbacher et al., 1991b) additional steeply dipping faults developed along the boundary of the recent Kreuzeck Mountains, thus forming a northern and southern block here referred as Polinik and Kreuzeck Blocks, respectively (Fig. 3) .
The Polinik Block is part of the Koralpe-Wölz nappe system (Fig. 3) , an Upper Austroalpine nappe system, which experienced a metamorphic imprint under high-amphibolite to eclogite facies conditions during the Eo-Alpine metamorphism (Schuster et al. 2001 Schmid et al., 2004) . Published geochronological data from the Polinik Block include Creta-_______________________ ___ ceous K/Ar-and Ar/Ar ages (~127 to ~67 Ma) on white mica and biotite (Oxburgh et al., 1966; Lambert, 1970; Hoke, 1990; Dekant, 2009) , ZFT ages of ~45 to ~30 Ma, AFT ages of ~23 to ~7 Ma and apatite (U-Th)/He ages of ~17 to ~11 Ma (Dunkl et al., 2003; Staufenberg, 1987; Wölfler et al., 2008) (Fig. 4) .
The Kreuzeck Block is part of the Drauzug-Gurktal nappe system (Fig. 3) which experienced a metamorphic imprint only under anchizonal to lowermost greenschist facies conditions during the Eo-Alpine metamorphism, and still preserves Variscan and Permian assemblages and structures (Hoke, 1990; Schuster et al., 2001 Schuster et al., , 2004 . K/Ar and Ar/Ar ages on white mica and biotite range from 337 to 141 Ma (Brewer & Jenkins, 1969; Brewer, 1970; Hoke, 1990; Dekant, 2009) (Fig. 4) . ZFT and AFT ages range from 160 to 60 Ma (Dunkl et al., 2003; Wölfler et al., 2008) , and from 30 to 19 Ma, respectively (Staufenberg, 1987; Wölfler et al., 2008) (Fig. 4) . During the Oligocene the Kreuzeck Block was intruded by tonalitic, alkaline basaltic and shoshonitic dykes (Exner, 1976; Deutsch, 1984; Müller et al., 1992) .
The difference in ZFT and AFT ages to the north and south of the Ragga-Teuchl fault has been interpreted to reflect normal faulting related to the lateral extrusion of the Eastern Alps during early-and middle Miocene times (Wölfler et al., 2008) . Hoke (1990) ; (6) Dunkl et al. (2003) ; (7) Wölfler et al. (2008) ; (8) Staufenberg (1987) ; (9) Lambert (1970) . For closure temperature ranges we adopted the following values: K/Ar muscovite: ~430-375°C (Hames and Bowring, 1994; Kirschner et al., 1996) ; Ar/Ar muscovite: ~450-350°C (Hames and Bowring, 1994; Kirschner et al., 1996; Lips et al., 1996; Harrison et al., 2009) ; Ar/Ar biotite: 400-300°C (Grove and Harrison, 1996; Villa, 1998) ; zircon fission track: 300-200°C (Wagner and van den haute, 1992) ; apatite fission track: 120-60°C (Green et al., 1986 Ma, respectively (Kralik et al., 1987 Scharf et al., 2013; Wölfler et al., 2008 Wölfler et al., , 2011 Wölfler et al., , 2012 Selverstone, 1988; Genser and Neubauer, 1989; Fügen-schuh et al., 1997; Scharf et al., 2013; Schmid et al., 2013) . The southern boundary of the Eastern Alps is represented by the Periadriatic fault system, separating the Austroalpine and Southalpine units (Fig. 2) . Geochronological and structural data show that the Periadriatic fault system was dominated by strike slip deformation since the Oligocene (Mül-ler et al., 2000; Mancktelow et al., 2001 ) and changed to transpressive deformation during the late Miocene until present (e.g. Polinski and Eisbacher, 1992; Fodor et al., 1998; Caparoli et al., 2013) . The Mölltal fault forms a subvertical, structural lineament with a length of ~100 km (Fig. 3) that was interpreted to act as a stretching fault (Kurz and Neubauer, 1996; Scharf et al., 2013) and was mainly active in the early-to middle Miocene (Wölfler et al., 2008; Scharf et al., 2013) . The Defereggen-Antholz-Vals fault system (DAV) represents an ~80 km long SSW- , so that the Ragga-Teuchl fault represents the eastern continuation of the DAV fault (Fig. 2) .
The samples collected for this study are mainly ortho-and paragneisses, pegmatites and schists that mainly contain quartz, muscovite, biotite and garnet. For Ar/Ar analysis we collected six samples that are briefly described as follows.
Three samples were collected from the Polinik Block. Sample K80 was obtained from a pegmatitic vein in an eclogitic host rock. Sample K64 is a graphitic garnet micaschist. The microtexture exhibits idiomorphic garnets with pressure shadows filled with quartz, muscovite, biotite and chlorite (Fig. 5a ). Sample K352 is a coarse-grained micaschist rich in staurolite. The garnets are idiomorphic and the strain shadows are mainly filled with quartz that shows straight grain boundaries, partly 3. Methods 3.1 Sample description and sampling strategy forming equilibrium fabrics (Fig. 5b) . The large staurolite crystals are mainly hypidiomorphic and crosscut the foliation ( For ZFT analysis we collected three samples from the Kreuzeck Block. These are two micaschists (samples K116, K143) and a tonalite body (sample K235) from the westernmost part of the study area ( Fig. 6a ) that has already been described by Exner (1956) . In order to determine a detailed final cooling history of the study area, we focused our sampling campaign for AFT analysis on steep elevation profiles ( (Wölfler et al., 2008) ; for space reasons the AFT data of Staufenberg (1987) determined with international standards including muscovite Bern 4M (Burghele, 1987) and Fish Canyon sanidine (Renne et al., 1994; Jourdan and Renne, 2007) . Ar/Ar-dating was conducted in the Central European Ar-Laboratory (CEAL) at the Geological Institute of the Slovak Academy of Science, Bratislava. Isotopic ages were calculated using decay constants reported by Steiger and Jäger (1977) 1%; Ca/ Ca = 0.00027; Ca/ Ca = 0.00039; K/ K = 0.0254.
Argon was released using the stepwise heating technique using a resistance furnace and analyzed on a VG-5400 Fisons noble-gas mass spectrometer following the analytical procedure of Frimmel and Frank (1998) .
Apatite and zircon grains were separated using conventional magnetic and heavy liquid separation techniques. Unfortunately not all rocks contained enough zircon and/or apatites for fission track analysis. We used the external detector method (Gleadow, 1981) with low-uranium muscovite sheets (Goodfellow mica™) and the zeta calibration approach (Hurford and Green, 1983) . Zircon mounts were etched in a KOHNaOH eutectic melt at 215 °C (Gleadow et al., 1976) (Burtner et al., 1994) . Horizontal confined track lengths were corrected for c-axis orientation (Donelick et al., 1999) .
Modelling of the low temperature thermal history based on AFT data was carried out using two different modelling programs -the conventionally used HeFTy (Ketcham, 2005) and the recently introduced QtQt software (Gallagher et al., 2005 (Gallagher et al., , 2009 Stephenson et al., 2006; Gallagher, 2012) . For thermal history modelling with the HeFTy software (Ketcham, 2005) we used the annealing algorithm of Ketcham et al. (1999) and Dpar values as kinetic parameters. The QtQt sotware allows determining the thermal history of multiple samples and uses a Baysian transdimensional Markov chain inversion scheme (Gallagher et al., 2005 (Gallagher et al., , 2009 Gallagher, 2012) . The main advantage of the QtQt modelling approach is that it incorporates all data from vertical age-elevation profiles. The thermal histories for all samples between the top and the bottom of the profiles are determined by using the elevation/depth differences. The offset parameters are the temperature difference between the highest and lowest elevation samples over time.
The thermal history for samples between these two is obtai- Gallagher et al., 2005 Gallagher et al., , 2009 Gallagher, 2012 ).
In total, we report six Ar/Ar, three ZFT and twenty-six AFT ages. The sample locations and results are shown in Fig. 6 and in Tables 1, 2 and 3. From four samples plateau ages have been determined (Figs 7a-d) . In general, the samples from the Polinik Block revealed Cretaceous ages between ~87 and ~82 Ma. In contrast, two samples from the Kreuzeck Block display Permian ages of ~295 and ~288
Ma and one sample revealed a Cretaceous age of ~85 Ma (Fig. 7d ).
Sample K80 from the Polinik Block yielded a well-defined plateau age of 87.2±1.2 Ma (Fig. 7a , Table 1 ). The last two temperature steps give slightly elevated ages of 94 and 89 Ma. These may be the relics of incompletely reset diffusion domains.
Sample K64 is a graphitic garnet micaschist from the Polinik Block with a plateau age of 81.6±2.2 Ma (Fig. 7b) . The age step pattern shows signs of weak impregnation of excess argon, but this may be an effect of the larger errors at the lowermost temperature steps.
The Polinik Block sample K352 yielded a plateau age of 81.8±1.2 Ma. However, an age of 115 Ma is obtained for the highest temperature step (Fig. 7c ) that indicates domains with excess argon or relics of older generation of muscovites.
The orthogneiss sample K398 from the Kreuzeck Block comes from the south of the Ragga-Teuchl fault and shows a well-defined plateau age of 84.7±1.0 Ma (Fig. 7d) . Probably due to diffusive loss of argon in the outermost domains of the grains, the lowest temperature steps show slightly younger ages.
Samples K396 and K397 from the Kreuzeck Block are discussed together as they were taken from the same large porphyric orthogneiss body and show similarities in their texture and Ar-release patterns. Both samples exhibit a saddle shape rather than a plateau type pattern. The samples gave total gas ages of 288.1±2.9 and 295.8±2. Summary of zircon fission track data. n: number of dated apatite crystals; ρ /ρ : spontaneous/induced track densities (x10 tracks/cm );
Ns/Ni: number of counted spontaneous/induced tracks; ρd: dosimeter track density (x10 tracks/cm ); Nd: number of tracks counted on dosimeter; 2 2 P(χ ): probability obtaining chi-square (χ ) value for n degrees of freedom (where n is number of crystals minus 1); age ± 1σ is central age ± 1 standard error (Galbraith and Laslett, 1993) ; ages were calculated using zeta calibration method (Hurford and Green, 1983) ; glass dosimeter CN-2. Latitude and longitude coordinates are given in the WGS 84 datum._____________________________________________________________________________ Table 3 :
Summary of apatite fission track data. n: number of dated apatite crystals; ρ /ρ : spontaneous/induced track density (x10 tracks/cm );
Ns/Ni: number of counted spontaneous/induced tracks; ρd: dosimeter track density (x10 tracks/cm ); Nd: number of tracks counted on dosimeter; P(χ ): 2 probability obtaining chi-square value (χ ) for n degree of freedom (where n is number of crystals minus 1); MTL: mean track length; SD: standard deviation of track length distribution; N(L): number of horizontal confined tracks measured; Dpar: average etch pit diameter of fission tracks; age ± 1σ is central age ± 1 standard error (Galbraith and Laslett, 1993) ; ages were calculated using zeta calibration method (Hurford and Green, 1983) ; glass dosimeter CN-5. Latitude and longitude coordinates are given in the WGS 84 datum.______________________________________________________ are reported as central ages with 1 sigma errors (Tables 2, 3 ).
Two micaschist samples from the Kreuzeck Block yielded ZFT ages of 67.3±3.9 and 67.8±3.8 Ma (samples K116 and K143).
The youngest ZFT age of 18.5±1.0 Ma was determined from the tonalite body from the westernmost part of the study area (Fig. 6b) .
In general, the Kreuzeck Block shows older AFT ages (29.1±
2.5 to 16.41.4 Ma) than the Polinik Block (21.3±2.3 to 8.7±0.6
Ma) and the samples follow an age-elevation trend (Table 3, Figs. 6b, 8). Track length distributions were measured in ten samples (Table 3 ). The mean confined track lengths (MTL) vary between 13.84±1.3 µm (sample K296) and 13.14±1.14 µm (sample K426). All samples are characterized by long MTL (>13 µm) and a unimodal distribution suggesting fast cooling through the partial annealing zone. Dpar values range from 1.9 to 1.8 µm (Table 3) Table 4 .
Muscovite Ar/Ar plateau ages from the Polinik Block and for one sample of the Kreuzeck Block range between ~87 and ~82 Ma (Fig. 7a-d) . The microtextures show mainly well-preserved high-pressure assemblages like unaltered garnets, no or little chloritisation and idiomorphic staurolite (Fig. 5 ). There-
______________________________ __________

Interpretation and discussion
fore we interpret the detected time interval as the time of postmetamorphic cooling that followed thermal maximum of the high pressure Eo-Alpine metamorphism with a peak at ~90 Ma (e.g. Thöni et al., 2006) . We interpret the Cretaceous cooling as a result of overall extension that has been observed in the Austroalpine nappe stack (e.g. Froitzheim et al., 1997 Froitzheim et al., , 2012 Fügenschuh et al., 2000; Liu et al., 2001; Kurz and Fritz, 2003) .
The exhumation of the Eo-Alpine high pressure wedge is due to thrusting in the lower part and normal faulting in the upper part of the Austroalpine nappe pile (Sölva et al., 2005; Schuster et al., 2004 Schuster et al., , 2013 ) but still in a compressional environment.
This process was associated with the formation of the Gosau sedimentary basins between Late Cretaceous and early Eocene (Wagreich, 1995; Froitzheim et al., 1994; Neubauer et al., 1995 that were deposited in a transpressional regime (Ortner, 2007) .
Two samples from the Kreuzeck Block display Permian total gas Ar/Ar ages (Fig. 7e, f , 1997; and in particular for the study area (Hoke, 1990 and references therein).
We suggest that the rather complex argon release spectra Dunkl et al., 2003; Fügenschuh et al., 1997; Hejl, 1997 Hejl, , 1998 Kurz et al., 2011; Luth and Willingshofer, 2008; Wölfler et al., 2008 Wölfler et al., , 2010 Wölfler et al., , 2012 . The Miocene ZFT age of 18.5±1.0 Ma from the tonalitic intrusion in the western part of the study area (Fig. 6) is thus far the youngest ZFT age ever reported from this part of the Eastern Alps. Both, the Miocene ZFT-and AFT (15.5±0.8 Ma) ages from the tonalite as well as _________________________________ __________________ Table 4 : Parameters used for the calculation of the paleo-geothermal gradients._____________________________________________________
Cretaceous to Miocene cooling of Austroalpine units southeast of the Tauern Window (Eastern Alps) constrained by multi-system thermochronometry Figure 9 : (a) Thermal history inverse model for the tonalite sample K235 using the software HeFTy (Ketcham, 2005) . Input parameters: central AFT age with 1σ error; track length distributions, Dpar values as kinetic parameters. For starting conditions (black box) we choose a temperature range between 750 and 950 °C as magma emplacement temperature (Watson and Harrison, 1983; Bellieni et al., 1984; Steenken et al., 2002) . The red boxes are the temperature range for ZFT ages (ZFT: 18.5±1.0 Ma) and the temperature range for AFT ages (AFT: 15.5±0.8 Ma). The blue box defines the final cooling to present-day temperatures of ~10 °C. Green paths: acceptable fits; red paths: good fits; black line: best fit solution. (a-d) The expected (weighted mean) thermal history (black line) and its probability distribution for transdimensional modelling of all samples from the Profiles A to C. The red lines are the 95 % credible intervals for the thermal history. The credible interval is the Bayesian form of the confidence interval (e.g. Bernardo and Smith, 2000; Gallagher, 2012) . The scale on the right indicates the probability. (e-g) Model predictions for the thermal history of distinct samples from the profiles. The grey lines are the 95 % credible intervals for the predicted values. FTA is the fission track age, MTL is the mean track length in micrometers (O: observed, P: predicted). (h-j) The paleo-offset temperature as a function of probability (between the upper-and lowermost sample in a profile). Note: the paleo-offset temperature is not the paleo-geothermal gradient._________________________________________ the modelled cooling history (Fig. 9a ) is in agreement with cooling histories of intrusive rocks along the Periadriatic fault, and collectively suggests that fast and continuous cooling at a rate of ~60°C/Ma occurred immediately after the Oligocene emplacement and lasted until the middle Miocene (Fig. 9a ) (e.g. Fügenschuh et al., 1997; Stöckhert et al., 1999; Steenken et al., 2002; Most, 2003; Pomella et al., 2010) .
The youngest AFT ages of 21.3±2.3 to 8.7±0.6 Ma are found in the Polinik Block (Fig. 6b, Table 3 ). These ages are similar to those from the eastern Tauern Window (e.g. Wölfler et al., 2008 Wölfler et al., , 2012 and document contemporaneous cooling of the Penninic-and Austroalpine units during the middle Miocene.
The oldest AFT ages are from the Kreuzeck Block and range between 29.1±2.5 and 18.5±1.6 Ma (Fig. 6b) . This indicates that cooling through the apatite partial annealing zone took place earlier in the Kreuzeck Block than in the northern Polinik Block (Staufenberg, 1987; Wölfler et al., 2008 Wölfler et al., , 2012 . The AFT ages show a positive trend in the age-elevation correlation in the whole study area (Fig. 8a) , and in particular for the three selected profiles (Figs. 8b-d) . To better constrain the cooling history we used these age elevation correlations for multiple thermal history modelling. The thermal history model of the Polinik Block suggests rapid cooling in the middle Miocene (Fig. 9a) , which coincides with the timing of the lateral extrusion (Frisch et al., 2000) . In contrast, the Kreuzeck Block had already cooled to near surface temperatures in the Oligocene and early Miocene (Figs. 9c, d ). The same cooling pattern applies to the western part of the DAV, where ZFT ages record pre-Miocene cooling to the south and Miocene cooling to the north (Stöckhert et al., 1999; Steenken et al., 2002; Most, 2003; Luth and Willingshofer, 2008) . If the Ragga-Teuchl fault is considered the eastern continuation of the DAV Schmid et al., 2013) , it is likely that the crystalline blocks to the north and south of it exhibit similar thermal histories.
The onset of rapid cooling and exhumation in the Polinik Block occurred at ~20 Ma (Fig. 9b) (Wölfler et al., 2008) . Roughly between 23 and 21 Ma the Southalpine intender started to indent in the Eastern Alps Schmid et al., 2013) .
Contemporaneously, the Southalpine lithosphere started to subduct beneath the Eastern Alps (Lippitsch et al., 2003; Horváth et al., 2006) . The combination of these processes led to lateral extrusion in the Eastern Alps and doming of Penninic units in the Tauern Window (Ratschbacher et al., 1991b; Scharf et al., 2013) . Therefore, the initiation of lateral extrusion at ~ 20
Ma is probably more related to the indentation of the southalpine intender, rather than subduction roll back beneath the Carpatians (Horváth et al., 2006) . However, the influence of the retreating subduction zone increased at ~18 Ma and leads to the formation of intramontane basins to the east of the Tauern Window and enhanced fault activity .
To summarize, we suggest that the Ragga-Teuchl fault plays a key role during lateral extrusion. It marks the border between footwall and hanging wall units (Polinik-and Kreuzeck Blocks, respectively) that experienced different cooling histories between the Oligocene and middle Miocene.
By determining the offset temperature between the highest and lowest sample in the vertical profiles (Figs. 9h-j) we were able to calculate the paleo-geothermal gradient for the specific time frames. Our calculations reveal relatively high values (47 to 43 °C/km) from late Oligocene to middle Miocene times.
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